Introduction: Low levels of hamstring flexibility may trigger certain acute and chronic pathologies and injuries. Poor flexibility is observed among teenagers and several authors have recommended the use of specific programs in this population to improve flexibility levels. The Pilates Method (PM) may be an appropriate intervention to achieve this purpose and has rarely been used with this population. Objective: Study was to assess changes in the flexibility of hamstrings after running a didactic PM unit for high-school students. Methods. This research was developed through a quasi-experimental design. The sample consisted of 66 high-school students divided into experimental group (EG=39) and control group (CG=27). The intervention was carried out 2 times a week for six weeks. Each session lasted 55 minutes divided into three parts: warm-up, main part and cool down. Hamstring flexibility was assessed using the toe-touch test. Paired Student t-test and t-test for independent samples were applied. The size of the effect (d) was determined. Results: The EG showed significant provident in hamstring flexibility (+3.54±3.9cm). The effect size was low (d>d>0,2<0,53), which means that a small proportion of participants improved their results. The control group did not have significant changes after the intervention. In the experimental group, both boys (+3.38± 3.7cm) and girls (+3.85 ± 4.2cm) showed significant improvements. The effect size was low for boys (d>d>0.2<0.53), which means that a small proportion of participants improved their results, and high for girls (d>1.15) which means that a large proportion of participants improved their results. Conclusion: This study showed that six-weeks of Pilates training in Physical Education classes has significantly improved the hamstrings flexibility among adolescents.
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RESUMO
Introdução: Baixos níveis de flexibilidade dos músculos isquiotibiais podem desencadear patologias e lesões agudas e crônicas. Esses níveis baixos são observados entre adolescentes, e diversos autores têm recomendado o uso de programas específicos nesta população para melhorar a flexibilidade. O método Pilates (MP) pode ser uma intervenção adequada para alcançar essa finalidade, mas raramente tem sido utilizado nessa população. Objetivo: Avaliar as alterações nos níveis de flexibilidade dos isquiotibiais após a aplicação de uma unidade didática do MP nas aulas de Educação Física para adolescentes. Métodos: Esta pesquisa foi desenvolvida por meio de um desenho quase-experimental. A amostra foi composta de 66 alunos do ensino médio, divididos em um grupo experimental (GE = 39) e um grupo controle (GC = 27). A intervenção foi realizada com frequência de duas vezes por semana durante seis semanas. Cada sessão durou 55 minutos e foi dividida em três partes: aquecimento, parte principal e relaxamento. Os níveis de flexibilidade dos isquiotibiais foram avaliados através do teste de toque nos dedos dos pés. Foram empregados testes t de Student pareado e, para amostras independentes o teste t. O tamanho do efeito (d) foi calculado. Resultados: O GE apresentou aumento significativo dos níveis de flexibilidade dos isquiotibiais (+3,54 ± 3,9 cm). O tamanho do efeito foi bai
INTRODUCTION
Lack of flexibility and muscular stiffness has been linked with increased risk of musculoskeletal injury 1, 2 . Specifically, the muscles of the posterior leg, commonly known as the hamstring, have a greater tendency to shorten without proper conditioning. Lack of flexibility in the hamstring muscles is directly related with low back pain in adults and adolescents 3 . Shortening the hamstring causes increased pelvic tilt and increased lumbar and/or dorsal kyphosis, especially during trunk flexion. Thus, it is associated with conditions such as back pain, kyphosis, lumbar spine investments, spondylolisthesis and herniated discs. In addition, tight hamstrings may lead to acute injuries (sprains or strains) and chronic conditions, most notably groin injuries 4, 5 . There is evidence that supports the use of exercise as a therapeutic tool to improve flexibility 3 . Considering the high rates of back pain among adolescents (10-59%) 6, 7 and the poor flexibility values observed among school aged children 5, 8 this has influenced the offering of flexibility programs during school hours among school aged children.
A systematic training program has shown to increase flexibility among adults, by achieving a steady increase in the length of the muscle-tendon unit, and consequently a greater range of joint movement 9 . In addition, similar improvements have been shown in adolescents with flexibility raining [10] [11] [12] [13] [14] [15] [16] [17] [18] .
The Pilates Method (PM) is a body conditioning technique, which offers improved control through stretching and strengthening of muscles while improving flexibility, reducing pain and preventing injuries. The PM is based on the premise that the body's musculature needs stretching 17, 18 . This method seeks to maintain the natural curves of the spine, while maintaining a neutral pelvis and maintaining the cervical and lumbar curves 19 . Several studies have shown significant improvements in hamstring flexibility and vertebral column following the application of a PM program among adults [20] [21] [22] . Even though the PM method may provide flexibility improvements in adolescents, this has not been shown effectively. Thus, this generates several hypothesis of a six-weeks PM based exercise program with GE teenagers, which include: 1) a significantly improvement in the flexibility of the hamstring muscles; 2) significant differences in flexibility between an experimental and control group, and between boys and girls; and 3) the MP is more effective in improving hamstring flexibility than other specific programs flexibility.
Therefore, the primary aims of this study were to assess the effect of a Pilates Method based training program on the hamstring flexibility of school-aged children, between boys and girls, and to compare the efficacy of the PM to improve flexibility.
METHODS
This research was developed through a quasi-experimental design with a control group (CG) and experimental group (EG), including pre and post-tests, with analysis between groups, within groups and between gender.
Participants were selected from a secondary school in Murcia, Spain, through a purposive sampling. Inclusion criteria for each student included parental consent and assertion each student was free of musculoskeletal, neurological, cardiac, metabolic or rheumatic conditions to actively participating in physical education sessions and regular evaluations; and to not miss more than one session of the program (attendance of 91.66%).
Students with prior history of spine pathologies/injuries or who had received previous treatment for back injuries were excluded from the study, although they were part of their regular class groups during training. All parents and/or guardians signed a consent form approved by the "Scientific and Ethical Committee" of the San Antonio Catholic University of Murcia, Spain.
The sample consisted of 66 students (41 boys and 25 girls), belonging to the third year of secondary education. They were randomized into two groups: experimental group (EG, n=39) and control group (CG, n=27). The basic characteristics of the samples are presented in table 1. 
MATERIALS
Height (cm) and weight (kg) were measured without shoes using digital medical scale SECA220k (Barcelona, Spain). Body mass index was calculated as kg/m 2 . Toe-touch test was chosen because of its simple administration, because it requires very little instruction and little training and can be used to test large number of students in a short period of time 9, 23 . Its validity and reliability has been demonstrated in several other studies 24, 25 . All tests were performed by the same investigator, whose test in reliability was tested prior to the study with a double-blind study of 30 participants, obtaining a correlation coefficient higher than 95%. All tests were performed twice with an interval of two weeks.
To perform the test, the student stood on the box with knees and feet shoulder width apart. They performed a maximal trunk flexion without bending the knees and with arms and palms outstretched over the ruler of the box ( figure 1) . The zero-point was in line with the edge of the box where the participants were standing. Values above the standing box were considered negative, while those below were considered positive. All measurements were recorded in centimeters (cm). We consider normal values those greater than or equal to -5 cm. Values between -5 and -12 cm were considered as hamstring shortness type I, and values greater than -12 cm where considered hamstring shortening type II 26 .
Exercise program
The study was carried during six-weeks, coinciding with the development of a teaching unit. Each unit was delivered by the physical education instructor twice a week for 55 minutes each. Investigators developed the teaching unit based on the PM and the control group
were divided into warm-up, main movements phase and cool-down. The instructor conducting the didactic units was the physical education professor of all participating groups. Prior to the start of each didactic unit the investigators met with the instructor several times to examine each exercise used in the sessions and ensure correct implementation.
Teaching Development Unit
The main movement phase had a total duration of 41 minutes, accounting for 74.5% of the session. This section was carried using the bulk of PM exercises. During the first six sessions explanation of the breathing technique, integrating of the PM principles and a repertoire of basic exercises were included. The next four sessions included basic--to-intermediate exercises and incorporated the concept of correct segmental placement. The last two sessions served to consolidate the knowledge acquired and practiced the variety of exercises learned. The cool-down lasted seven minutes, focused on stretching and flexibility exercises. Several PM exercise were selected for the cool-down: the hundred, half roll-up, one leg circle, rolling back, one leg stretch, swan--dive, one leg kick, neck pull, scissors, bicycle, shoulder bridge, side kicks, swimming, side bend, and the seal. As an example, we have included the warm up (figure 2) and cool-down (figure 3) routines. In addition, we have included the progression we followed for the proper increase in intensity of two specific exercises (figures 4 and 5).
Statistical analysis
We carried out a descriptive analysis (mean, standard deviation and range). To determine possible changes in the same variable, we used the T-test for related samples. To examine differences in the same variable between groups, we used the T-test for independent samples. The size of the effect (d) was determined either for the differences between groups or for the changes in each group. Statistical analysis was performed with SPSS 15.0 for Windows. The significance level was set at p < 0.05. Figure 6 shows the grades of shortness of the hamstring muscles between the control and experimental groups. Grouping variables are presented based on studies from Santonja et al. 26 . In addition, we show the changes occurred in each group after the Pilates intervention. Figure 7 shows the values for the pre-and post-test of the toe--touch test for the control and experimental groups. The EG showed a significant improvement of 3.54±3.9 cm.
RESULTS
The effect size was low (d> d>0,2<0,53), which means that a small proportion of participants improved their results. The control group did not have significant changes after the intervention. No significant differences were seen between the two groups in the pre-test. However, these differences were significant at the post-test. Table 2 shows the results based on gender for the control and experimental groups. In the experimental group, both boys (+3.38± 3.7 cm) and girls (+3.85 ± 4.2 cm) showed significant improvements (figure 8). The effect size was low for boys (d> d>0,2<0,53), which means that a small proportion of participants improved their results, and high for girls (d>1,15) which means that a large proportion of participants improved their results. No significant changes were observed for boys or girls in the CG.
DISCUSSION
After six-weeks of exercise using the Pilates method, boys and girls showed significant improvements in hamstring flexibility compared to those who only participated in a typical physical education course.
The influence of specific flexibility program have been evalua- ted in different studies. Similar to our findings, intervention programs ranging from 5 to 32 weeks, performed 2 to 4 times per week, all have shown significant improvements in hamstring flexibility [10] [11] [12] [13] [14] [15] [16] [17] [18] . However, it must be noted that some studies utilize angular tests: 90/90 test 10, 11 and Straight Leg Raise test (SLR) 12,13 while others, similar to ours, utilize linear tests: Sit and Reach Test (SRT) 12, [14] [15] [16] [17] [18] and Toe-touch test (TT) 12 . Thus, it is not possible to compare our study with those using angular tests, and we should use caution when comparing studies that use the SRT and those using the TT. Sainz de Baranda et al. 12 implemented several intervention programs to improve flexibility and obtained improvements in all experimental groups (EG1 (32 week; 2 session/weeks), EG2 (64 week; 2 session/weeks) and EG3 (32 week; 4 session/weeks); 5, 7 and 14 cm, respectively.
Valdivia et al. 13 in 12-13 years old children, obtained an improvement of 1.86 cm after application of a specific program to improve flexibility (2 sessions/week, 32 weeks). Coledam et al. 14 carried out a flexibility specific program (2 sessions/week; 16 weeks) and obtained an improvement of 4.53 cm. Lavandera et al. 15 implemented a program (3 sessions/week, 6 weeks) in school children 9.9±0.6 years, and obtained an improvement of 2.7 cm in the EG.
The study by Moreira et al. 16 presented a great similarity with the present study. They applied a specific program (2 sessions/week, 6 weeks) and used the SRT by first measuring point 0. Moreira et al. 16 observed an improvement of 3.4 cm. and our study of 3.54 cm.
When comparing our results with those of other investigators, we show greater improvements in hamstring flexibility compared to those reported by Valdivia et al. 13 and Lavandera et al. 15 , even though Valdivia et al. 13 applied longer intervention than what we used in this study. Nonetheless, these results are similar to Moreira et al. 16 , even though the tests used to measure flexibility were different. With regard to the study of Sainz de Baranda et al. 12 , these investigators showed greater improvements in flexibility than those in this study. We believe this may be due to the subjects' age and gender, as these two variables strongly influence lack of flexibility in these subjects. Different authors suggest the existence of a regression in the development of body flexibility; thus, with an increase in age there is a reduction in the elongation capacity of the muscles and, consequently, reduced joint mobility.
Just Sainz de Baranda et al. 12 study discussed above, applies the test TT as our study. EG1 of Sainz de Baranda´s studiy obtained an improvement of 7 cm; EG2 and EG3, 11 cm. Our study just shows an improvement of 3.54 cm, in addition the bases scores differ between our work and commented. Discrepancies regarding home scores, flexibility and its progression may be due to the age of the subjects, or the duration of the intervention program (32 weeks).
To our knowledge, only three studies analyze the degree of muscular shortness. Sainz de Baranda et al. 12 , Rodríguez et al. 17 and Peña 18 . These studies showed an improvement in flexibility of 32%, 48%, 26% 12 5%, 4% 14 , and 7% 18 ; whereas in our study we observed an increase of 15%. The observed differences between the work of Sainz de Baranda et al. 12 and ours, in terms of the percentages of improvement and evolution of EG might be due to different time duration of the program, and as discussed above, the existence of a regression in the development of body flexibility regarding age. Furthermore, although the studies by Rodriguez et al. 17 and Peña 18 utilized a longer duration compared to this study (32 weeks vs. 6 weeks), their programs are flexibility specific and in some cases the participants were younger than ours. Nonetheless, the reduction in hamstring shortness after their program is lower than ours.
Overall, both hamstring flexibility programs and the Pilates specific program have shown positive results in the elongation of the hamstring muscles among adolescents. It should be noted that the type of program, the duration, the participant's age and sex can influence the results, making them more or less effective than the Pilates program. Therefore, Pilates can be used to improve hamstring flexibility of school children, with the advantage that we can work the body as a whole with a variety of exercises that are not only focusing on the hamstring area.
Stretching exercises are an important tool to influence the decreased ability of muscle extensibility age. Moreover, the Pilates method was shown to be effective for both middle-aged and adolescent. So it becomes a method that can help preserve the health of the back.
Although our sample is larger than other similar studies, study's limitation could be this one. In further research it would be necessary an assessment the back pain in order to assessment the effect of the Pilates Method has on back pain in adolescents. Therefore, additional studies should consider the need to further evaluate the effect of the PM on flexibility, the importance of measuring pain and risk of injury, and compare it to other highquality studies.
CONCLUSIONS
After 6 weeks of exercise with the PM, GE teenagers significantly improved their hamstring flexibility suggesting that the Pilates method might be more effective in improving flexibility than a general physical education program. This study supports the notion that a Pilates method program might be a good method to use in schools to improve the flexibility in teenagers.
